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OXYGEN SC AVENGING CnMPQSITIOM 

5 

The invention relates to an oxygen scavenging composition 
comprising a polycondensate, a copolymer comprising polypropylene oxide segments 
and polymer segments and an oxidation catalyst 

Such a composition is known from WO 99/15433. In this document an 
10 ox^en scavenging composition is prepared by reactive extrusion of the polymer, in 
particular a poiycondansate. and a funob'onallsed polypropylene oxide oligomer. The 
resulting product, denoted as copdyoondensate is appHed as such In single layer or 
multi layer films or Is cfiluted with further p(^condensate. 

It has appeared that this cfiluted compositibn has a restrict 
15 efficiency In oxygen scavenging properties, making a necessary to apply thicker layeis 
to obtain a certain degree of active oxygen bam'er properties. 

Aim of the invention is a composition comprising a polycondensate 
and a copolymer comprising polypropylene oxide segments and polymer segments that 
shows better active oxygen barrier properties than the known compositton. 
20 This is achieved according to the invention In that the copolymer has 

been prepared by copolymerising the con^espondlng monomera in the presence of 
f unotonalised polypropylene ojdde segments. 

Surprisingly it has appeared that the fact that the polymer segments 
have been fomned from oopolymerisation of the correspondmg monomers vWBi 
25 funotionalised polypropylene oadde segments ratherihan having these functionaiised 
polypropylene oxide segments reaot with already polymerised polymer segments 
causes a consideFable difference In oxygen scavenging properties of the final. dButed 
compo^'on. 

The oomposftion according to the Invention brings active oxygen 
30 scavenging properties to the polycondensate in the composition. Polyoondensates, 
also known as condensation polymers, among which polyesters and in particular 
polyamides, form a certain barrier for oxygen and are for this and other reasons applied 
as films, wraps, bottles, vessels or other containers for feed and foods and drinks. Hiey 
protect the packed goods from direct contact with the environment, including the 
35 oxygen in ambient air. Since layers of these polymers are not completely impemieable 
to oxygen tt is known to mix a compound into the polymer that is able to scavenge 
oxygen permeating Into the polymer layer by a chemical reaction binding the oxygen. 
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Such compounds are known as active oxygen scavengers. Among these polyaDcylene 
oxides and polydlenes have been reported to be examples of active oxygen 
scavengers. It is also known to apply oxygen scavengers that are reactive with 
polyoondensate and to make the scavenger react with the polyoondensate during the 
5 mixing, e.g. by reactive ©rtrusion. 

Bfflmples of polycondensates that can be applied with fevorable 
results in the composition according to the invention are polyesters and polyamldes. 
Examples of suitable polyesters are polyethylene terephtalate (PET), polybutylene 
terephtalate (PBT), polyethylene naphtanoate (PEN), polybutylene naphtanoate (PBN). 
10 Examples of suitable polyamides (PA) are aliphatic polyamldes such as PA6. PA4,6. 
PA6,6. PA 11, PA12, semi aromatic polyamldes as MXD6, PA6,I/6,T, PA6,6/e,T. fully 
aromatic polyamides and copolymers and blends of the listed polyamides and 
polyesters. The effect of the Inventton Is most favourable In compositions comprising 
aliphatic polyamidB as the polyoondensate since these polyamldes as such have lower 
16 oxygen banier properties than e.g. aromatic polyamides. 

AS Uns o)^en scavenging comp(Nind In tfie connpodtlon according 
to the invention a copolymer comprising f uncllonallsed polypropylene oxide (PPO) 
segments and polymer segments is used, that has been prepared by polymerising the 
corresponding monomers of the polymer in the presence of polypropylene oxide 
20 segments. This is different than the copolymers known from the prior art that are 
obtained by reactive extnision of funotlonalised PPO oligomer segments and 
preformed polymer segments of certain length or molecular weight. In the production 
process known from WO 99/15433 the PPO oligomer segments usually are 
functoonalized with end groups that can react with reactive sites of the polymer. 
25 Examples of such functional end groups and reactive polymer sites are e.g. known 
from WO 99/15433. The same functionality may have been applied in the 
copolymerisation process of the copolymer applied in the present invention. 

Suitable PPO segments are linear oBgomers of PPO are preferably of 
the substituted type. In lUPAC nomendalure this PPO is denoted as polypropylene 
30 glycol (polyoxywl ,2-propanedlyl). They consist of 2 to 5000 polypropylene oxide 
monomer units, preferably of 10 to 2500 units and In this shape and size they have 
been copdymertsed wrtth the monomers. In this range an even distribution of the 
copolymers in the polycondensale appears to be achieved. During this 
copolymerisation copolymers of the -ABABA- type are fonned comprising polymer 
35 s^ments A of variable length alternated with propylene oxide segments B. 

In another embodim^t the PPO segments are present as branches 
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m a two, three, four or higher star branched compound the centre unit of whfoh can be 
e.g. a dK tri-. telra or higher funcHonal ester, amide, ether, urethane. in the process of 
preparation of the copolymer applied In the compostiion of the Invention, the polymer 
segments then grow from the free ends of the PPO segment branches. During this 
6 oopolymerisatlon linear oopolymers can be fbmied of the type ABA or branched 
copolymers having brandies of the lype BA. 

Apart from the PPO segments also other ether segments QpUonaliy 
may be present as e.g. polyethylene oxide, however in smaller amounts than the PPO. 
Preferably the other ether segments are present In amounts less than 40 wl%, more 
10 preferably less than 30 wt% or 10 wt% than the amount of PPO. 

Suitable polymer segments in the copolymers that have been formed 
by copolymerlsing the corresponding monomers in the presence of the PPO segments 
are those defined above for ttie polycondensale, in particular polyesters and aliphatic 
pclyamides. preferably PA6 or PA6,6. 
15 These copolymers can be formed by reacting the funcHonalised PPO 

In the presence of the monomers at conditions well known for the polymerisation of the 
corresponding monomers or according to US 4690243 and EP 0067695. 

In these processes, apart from the monomers and the PPO 
segments, also other compounds can be present for example catalysis, chain 
20 stoppers, stabilisers and the like. Unear PPO segments are introduced In these 

reactions as divalent moieHes that are funcHonally tennlnated attheir ends, e.g. with 
hydrojqr, amino or acid or other groups that are capable reacting with the monomers 
the polymer part Is polymerised from. In star branched type PPO segments the free 
ends. I.e. those ends of the PPO part of the PPO segment that are not bound to the 
25 centre moieV of the star, are funcKonallsed with the groups mentioned above. 

In copolymers that can be applied in the composition according to the 
Invention the relatlvB amount of the PPO can be between 1 and 95 wt%, preferably It la 
between 2 and 85 or 5 and 75 or 5 and ^ wt%. 

In the composition comprising the polyoondensate and the copolymer 
30 the relative amount of the PPO will be lower by the diluting effect of the 

polycondensate. In the final composition the relative amount of the PPO with respect to 
the total of copolymer. If appHcable including compounds resting from its polymerisation 
process, and polycondensate. may vary within the range of 0.5 to 50 wl%, preferably of 
1 to 30 wt%. Lower amounts will diminish in particular the period during whteh the 
oxygen scavenging properties will remain at a high level. Higher amounts may lead to 
the fontiation of a co-continuous phase of PPO segments in the composition. "Hiis is 
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detrimental fcr the total oxygen barrier capacity of the composition and therefore the 
amount of PPO in the composiUon should be taken so that the PPO forms a disperse 
phase In the composition. It ^^M be understood that a certain desired relative amount of 
PPO in the composition according to the invention can be achieved by several 
5 combinations of the amount of PPO In the copolymer and the amount of oopolynner 

mixed into the composition. 

In this respect it is also relevant tfiat the copolymer is sufiicientiy 
compatible, Le. miscible on a sub-mioron scale, with the polyoondensate. This 
miscibliity is positively Influenced by the amount of the polymer in the copolymer and 

10 the amount of PPO In the final composition. By varying these amounts within the 
ranges described above the sHiled person w/ill be able to obtsun a good disper^on of 
the oxygen scavenging copolymer in the polyoondensate and advantageously small 
conglomerates of the oxygen scavenging PPO segments In the composition. These 
conglomerates may have an average size of up to 500 nm and preferably at most 30 or 

1 5 more preferably 25% of the conglomerates have a size above SOOnm. 

Prsferab^ at least 60% of the cons^omerates have a size of at most 
300 nm and preferably of at most 200 nm. More preferably at least 70. 90 or even 99 % 
of flie conglomerates Is within the specified ranges. A lowtfer conglomerate size has 
appeared to lead to better oxygen banter properties, in this respect the size of a 

20 conglomerate Is the diameter of Its Image In a TEM photograph of a sample of the 
composition, e.g. a film, m case this image Is a circle or. if this Image has another 
shape than a circle, the diameter of a circle having the same area as that Image. 

MIsablllty Is enhanced when the polycondensaJe and the polymer 
part of the- oxygen scavenging copolymer are of the same ^e, e.g. when they both are 

25 polyamides or polyesters, ftevertheless also certain polyesters may show sufficient 
compatibility wltti certain polyamides to obtain a composition containing conglomerates 
as described hereafter of a desired sire. Compatibility can be enhanced by applying 
mrthods or adding compounds Icnown per se for this purpose or catalysts for 
rearrangement reactions between the polyoondensate and the polymer segments of 

30 the copolymer. 

The composition according to the invention further preferably 
comprises an oxidation catalyst, promoting the oxygen scavenging activity of the 
oxygen scavenging compound. 

Suitable c»ddation catalysts Include tran^on mefed catalysts, which 
35 can readily switch between at least two oxidation states. Preferably, the transition metal 
is In the forni of a trandtlon metal salt or transition metel complwt, wherein the metal Is 
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selected from the groups 4, 5. 6. 7, 8. 9. to, 1 1 and 1 2 of the periodic system of the 
elements. Suitable metals fndude Manganese 11 or III. iron II or III. Chromium II or III, 
Cobalt II or HI. Copper I or II, Nickel 11 or III, Rhodium II, or II or IV and Ruthenium 1, 11 
or IV, Ti^um 111 or IV, Vanadium III, IV or V. 
6 Preferably Co II or III is used as the metal part In the catalyst 

Suitable counterions for the melal include, but are not limited to, 
chloride, acetate, aoetylacetonate, stearate, propionate, palmflate. 2-ethylhe)(anoLte, 
neodecanoate or naphtenate. The metaJ may also be an ionomer. In which caee a 
polymeric counter ton is employed. Such ionomera are well known in the art As an 
example of a suitable oomplexing moiety phlhalocyanlne is mentioned. The transition 
metal compounds may be present between lOppm and 10wt%. 

Preferably the amount of transition metal compound is between 60 

and 5000 ppm. 

Further the composition according to the Invention may comprise 
16 other usual additives that may give a certain additionally required property to the 
composition, e)(amples of which are rebiforcing ntaterials such as fibres, fBIere, 
antioxidants, flame retaidants, mould release agents and other compounds known in 
the art for this purpose. 

The composition according to the invention has excellent oxygen 

20 banier properties, e.g. It has on oxygen bamer lowerthan 0.3 preferably lower than 0.1 
cc.mm^(m2.day^tm) when measured according to ASTM standard D3885 under dry 
conditions on a film having a thickness of 60 pm. 

The composition of the invention can be applied as a layer in multi- 
layer films, preferably as an inner layer, sandwiched between other layers. In such a 

25 sandwich construction the active lifetime and effectiveness of the composition Is 
considerably enhanced In comparison with a layer that Is directly exposed to the 
environment Further applications are layers In the wail of bottles, vessels or other 
contalnere, m particular those applied for packaging of foods or other substances that 
degrade in quality under the influence of oxygen. 

^ "Th® inventton further relates to a process for preparing an oxygen 

scavenging composition comprising a pdyoondensate and a copolymer comprising 
polypropylene oxide segments and polymer segments, characterized In that the 
poiycondensate Is melt-mlxed with a copolymer that has been prepared by 
polymerising the corresponding monomers constlluHng the polymer in the presence of 

35 the polypropylene oxide segments. 

A process for preparing an mqfgen scavenging oompoa'lion 



015 ""i7 .12.2003 ' 11:04:4 



-6- 

oomprising a polycondensate and a copolymer comprising potypropylene oxide 
segments and polymer segments Is known from WO 99/15433. In this known process 
PPO segments funcfionallzed at their ends with moieties that can react with the 
polycondensate are mixed In an extruder under conditions where the functionallzed 
5 moiefies can react with the functional groups in the polycondensate. i.e. the process is 

a readlve extni8k)n process. 

Surprisingly it has been found that a oxygen ajavenging copolymer 
prepared with the process of the invention that has been mixed under comparable 
conditions and for comparable times show better oxygen scavenging properties than 
10 fte compositions prepared with the known process- 

The process according to the invention can be conducted In the 
equipment known In the art for mbcing thernioplasHo polymers such as exlniders and 
mixers. The process applies melt-mixing, l.e. the n*dng takes place above the melting 
point of both the polycondensate and of the oxygen scavenging copolymer but below 
15 the decomposition temperature of boBi components. 

The invention win be elucidated by ttie following examples without 

being restricted thereto. 

cvp ^m^nt 1 ; Pranaw Mnn oil oxvaen scavenoinq oopOlvmefS 

20 

A 2 L reactor equipped with distillation column and stin-er was 
charged witti 332.0 g e-caprola<«am, 500,0 g polyoxypropylenediamlne, 2.0 g; 85 m% 

25 phosphoric acid in water solution and 36,4 g adipic acid. After 3times having flushed 
ttie reactor with nitrogen, the reactor content was heated under sfintng and 
atmospheric pressure gradually witiiln one hour to a temperature of 205 "C and kept at 
this temperature for 19 hours. Subsequentiy It was further heated to ZIO'C for another 
3 hours. The polymeils^ product was released from the reactor, under nitrogen 

30 pressure, and ground. It was ttian extracted tiiree times witii excess boiHng water and 
dried overnight in a vacuum stove under nitrogen abnosphere at 90 "C. 

Praparation of Q opotymer 2 



35 



A 2 L reactor equipped witti distillation column and stirrer was 
charged witin 410 g dimettiylterephtiialate, 290 g 1 ,4-butane dsol, 550 g 
poly(ettiyieneoxlde-propyleneoxide-ethyleneoxide), 250 mg of titanium tetrabutoxide 
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and 150 mg of magnesium acetate tetrahydrate. After 3 times having flushed the 
reactor with nitrogen, the reaotor content was heated under stining and atmospherio 

pressure gradually wftWn one hour to a temperature of 160*C, kept at this temperature 
for half an hour, and subsequently further heated within 2 hours to a temperature of 

5 220»C. The thus obtained transesiBrified product was then further polymeifeed at 
24<W under vacuum (down to 2 mliai) for 180 minutes at a stirring speed of 20 RPIUI. 
The polymerised product was released from the reactor, under nitrogen pressure, in 
the forni of a strand, cooled in water and granulated in a pelletiser. 

10 Preparation of oopolvmer 3 

A flask equipped with stirrer, thermooouple and nitrogen inlet was 
charged with oaprolaotam (55.6 wt% ) and a PPO-containing oligomer (Bruggemann 
P1-30. polypropyteneglycol ester aoyi caprolactam) (44.4 wl%). This mixture was 
15 dHuted in a 1:1 fbshton with a catalyst solution (BrOggemann CI, 12% caprolactam 
magnesium bromide in caprolactam). After mixing at lOO-'C the resulting mixture was 
poured in a mould and kept for 5 minutes at 14S-C. The soUd co^jolyamide. containing 
20 wt% polyprof^one glycol, was removed from the mould and ground. 

^ EXPerimem 2: Preparation of oxvaen fioj^ venoina comp nai^p^^ 

Four blends (1-4) based on copolymer 1 and poiyamide 6 (DSM 
Akulon F132-E, viscosity number 21 0 mVg ISO 307) were prepared varying ihe blend 
oomposWon and the oxidation catalyst content Further, one blend (5) based on 
25 copolymer 2 and one blend (6) based on copolymer 3 were prepared, both conialning 
the same poiyamide 6 as blends 1-4. AU these blends were prepared in a conical co- 
rotating fully intermeshing lab-scale tuvln-screw exlwder. Cobali acetate was added as 
the oxidation catalyst. 

The mixing was cam'ed out at a ban-el temperature of 260*0, a 
30 rotation speed of 120 rpm and a residence time of 3 minutes. All experiments were 
carried out under nitrogen atmosphere. The poiyamide was dried before processing. 
Blends prepared were stored in sealed bags after processing. For comparison, 
composiHons A1 and A2 based on a f uncfaonalised PPO oligomer (Jeffamlne D-2000 of 
Huntsman) and poiyamide 6 have been prepared by a reactive extmsbn process on 
35 the lab-scale twin-screw extruder with residence times of 3 and 5 minutes. Also a blend 
B not containing an oxygen scavenging compound was prepared. Blend coinposltlons 
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Table 1 





Oxvaen scavenslng 


OSC 


Aladon 


PPO 


Co<Ac)2 




GomDOund (OSC) 


amount 


F132-E 


blend 


content 






(Wt%) 


(wt%) 


content 
(wt%) 


(ppm) 


1 


dopolymer 1 


8 


91.9 


4.8 


1000 


2 


Copolymer 1 


8 


91.99 


4.8 


100 


3 


Copolymer 1 


11 


88.9 


6.6 


1000 


4 


Copolymer 1 


17 


82.9 


10.2 


1000 


6 


Copolymer 2 


8 


91.9 


3.0 


1000 


6 


Copolymer 3 


25 


74.9 


5 


1000 


A1 


Jeffamine* D-2000 


4.8 


95.1 


4.8 


1000 


A2** 


Jeffamine'' l>-2000 


4.8 


95.1 


4.8 


1000 


B 


None 




99.9 




1000 



5 

* Amine end-capped PPO of Hunteman 
**: re^dence time 5 miniies 



f f pmBriment ^. preoaratto n of ownen scavenaino filme 

All blends were ground under cryogenic conditions. The resulting 
powders were pressed between flat hot plates into films wHh a thicloiess in the range 
55-75 micrometer. The dimensions of the film were 1 3*13 cm^. Pres^ng conditions 
were: plates temperature: 260''C, time between plates without preesurs: 5 min, 
aubsequenUy pressurizing the system lor 3 minutes at 1 0ld^. 

Fyam ples 1 - VH and Comparattve Experi m eirta A.G: Measuring of oxygen permeabiilty. 
Qffflms 

The oxygen permeability cS the prepared films was measured by a 
MCXX)N OX-TRAN 2/21 penneametw according to ASTM D3985 by exposing the 
films to a nitrogen environment on one ^e and an ooQ^en atmosphere at the other 
side of the films leading to an oxygen partial pressure difference over the films of 1 bar. 
The permeability tests were conducted under dry conditions and, unless otheiwisa 



17. DEC. 2003 11:05 



OSM IP GELEEN 046-4761830 



018 17.12.2003 11:05:55 



-9- 



stated, at room temperature {23'C). The measuremerrts were started after 50 hours 
conditioning at the measurernent conditions. 

In Table 2 the oxygen pernieabfliiy is presented for the various films. The axygm 
permeability is normalised with respect to film thickness. 

5 



Experiment/Compamtive 

Example 


Rim made of blend 
no. 


OjQrgen penneabiKiy 
cc.min/(in^Kjayiatm) 


1 


1 


0-00 


II 


1 


0.00 

(85% rel- humidity) 


1)1 


2 


0.19 


IV 


3 


0.00 


V 


4 


0.00 


VI 


5 


0.07 


VII 


6 


0.00 


Comp.A 


A1 


0.46 


Comp. 8 


A2 


0.47 


Con^. C 


B 


1.03 



The detection limit of the Oxtran permeameter is 5^0^ oo/(m2.<fety. 
1 0 atm). For the given thickness range of the samples, this leads to an inlrinac 

pemieablllty limit of about 4*1 0^ oo.mm/(m*day.atm). The intrinsic oxygen permeability 
of samples 1 ,3, 4 and 6 Is smaller than 4*1 0^ co.mm/(m*.day.atm). 

These results show that o^grgen scavenging compositions according 
to the Inventfon have o:Q^en pemieablllty values In the range 0.00 - o.07 
16 oc.mm/(m'.day.atm) for composftfons containing 1000 ppm of oxidation catalyst, both 
under dry conditions and at 85% relative hunddity. These values are much lower than 
the value tor ComparatfvB experiment A and B, which were prepared according to the 
process disclosed In WO 99/15433. Even when the composition according to the 
invention contains only 100 ppm of the oxidation catalyst (Exp. Ill), the oxygen 
20 pemteability is still significantly lower than that of the prior art blend fDm. 
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CLAIMS 

1 . Oxygen scavenging composition comprising a polycondensate, a copofynner 
comprising polypropylene oxide segments and polynner segments and an 

5 oxidation calal^t, characterized in that the copolymer has been prepared by 

copolymerising the con^espondlng monomers In the presence of funcfionalised 
polypropylene oxide segments. 

2. 05vgen scavenging composition according to cl^m 1 , wherein the polymer 
segments are polyamide or polyester. 

10 3. Oxygen scavenging composition according to daim 1 or 2, wher^ the 
polycondensate is (oo)polyamlde or (co)polyester or mbctures thereof. 

4. Oxygen scavenging composition according to any of dalm 1-3, wherdn the 
polycondensate and the polymer block are of the same type. 

5. Oxygen scavenging composition according to any of claims 1 - 4, wherein the 
15 amount of polypropylene oxide segments Is from 0.6 to 60 wl% with respect to 

the composition. 

8. Oxygen scavenging composition according to claim 5, wherein said amount Is 
In the range from 1 to 30 wi%. 

7. Oxygen scavenging composition according to any of claims 1 to 6, wherein the 
20 oxidation catalyst is a transition metal salt or complex. 

8. Oxygen scavenging composition according to any of claim 1-7, having an 
oxygen barrier lower than 0.3 cc.mm/(m^*day-atm) when measured according 
to ASTM standard D3985 under dry condlBons on a film having a thickness of 
60 pm. 

25 9. Oxvg&n scavenging composition according to da'im 8, having an oxygen 

barrier lower than OA camm/(m*^*day*atm) when measured according to ASTM 
standard D3985 under dry conditions on a film having a thickness of SO pm. 

1 0. Process for preparing the oxygen scavenging composition according to any of 
claims 1 to 9, charaolerized In that the polycondensate Is melt-mixed with a 

30 copolymer that has been prepared by copolymerising the corresponding 

monomers constituting the polymer in the presence of functionalised 
polypropylene oxide segments and In that an oxidation catalyst Is added, 

1 1 . Process for preparing tine oxygen scavenging composition acoonJIng to any of 
claims 1 to 9, characterized in that tiie copolymer is prepared by 

35 copolymerising ti^e corresponding ironomers constituting the polymer in the 

presence of functionalised polypropylene oxide segments and the copolymer 
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Is melt mixed with the polyconden«ate and In that the oxidation oatalyst Is 
added. 

Use of the oxygen scavenging composition according to any of claims 1 to 9 
or prepared by the process of claims 10 or 1 1 for the preparation of an 
oxygen-scavenging object 

Use according to claim 12. wherein the object is a container for food, drink or 
feed packaging such as a film, a bottle, a vessel or a wrap. 
Use according to claim 12, wherein flie object is a multilayer object In which a 
layer of tiie oxygen scavenging composition is sandwrfched between two 
layers of another material. 
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ABSTRACT 

Oxygen scavenging composition comprising a po^fcondensate, a 
oopc^mer comf^^ polypropylene 0)dcle segments and polynier segments and an 
S oxidatfon catalyst, characterized in ttiat flie copolymer has been prepared by 
copolymerlsing the oorrespmding monomers in the presence of functionalised 
polypropylene oxide segm^ts and process for the preparation of fills composition. 
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